This paper presents theory and evidence from Chinese firm-product data that, given productivity, trade liberalization via input tariff reductions induces an incumbent importer/exporter to increase product markups. This finding calls for a reconsideration of the well-established imports-as-market-discipline hypothesis, which states that a higher volume of imports intensifies competition and hence decreases the market power of a firm. This paper presents further empirical evidence to verify underlying mechanisms behind this finding: input tariff reductions decrease marginal costs, and tariff reduction effects on markup adjustments are more profound among firms of higher import dependence. Moreover, this paper exploits unique features of Chinese data by comparing results for two trade regimes -ordinary trade (wherein firms pay import tariffs to import) and processing trade (wherein firms are not subject to import tariffs). While the aforementioned effects of input-trade liberalization and mechanisms only apply to ordinary trade, processing trade samples are used in a placebo test. The paper also shows that more productive firms charge higher markups for products. These findings are robust to various estimation specifications and alternative markup measures.
Introduction
The notion that trade liberalization intensifies market competition is a widely held assumption in the international trade literature (Helpman and Krugman, 1989) . The principle states that trade liberalization reforms force domestic firms to behave more competitively, decreasing the market power of individual firms. Helpman and Krugman deem this principle "the oldest insight in this area (of trade policy and imperfect competition)". This phenomenon is referred to by Levinsohn (1993) as the imports-as-market-discipline hypothesis, which has been tested extensively in the literature, from early works based on calibrated simulation models to empirical studies that employ econometric estimations.
1 A recent work by de Blas and Russ (forthcoming) also supports the hypothesis that imports render firms more competitive and cause firms to charge lower markups.
However, other recent studies report mixed results that contradict this hypothesis. For example, Konings, Van Cayseele and Warzynski (2001) show that import penetration has no significant effect on firm markups and even increases markups in the Netherlands. Using EU manufacturing data, Chen, Imbs and Scott (2009) find short-term evidence of a standard pro-competitive effect causing markups to decline with trade openness, though they also report weak long-term effects that are more ambiguous and that may even prove anti-competitive. Moreover, while most of the aforementioned papers focus on trade liberalization in the final goods market, the focus of productivity and trade liberalization studies has shifted toward an exploration of tariff reduction effects on imported intermediate inputs (e.g., Amiti and Konings, 2007; Goldberg et al., 2010; Topalova and Khandelwal, 2011; Yu, forthcoming) . This calls for additional studies that revisit the imports-as-market-discipline hypothesis under input-trade liberalization, and this paper aims to contribute to this area. This paper examines whether lower tariffs on imported intermediates cause firms to adjust markups of exported goods that they export and the direction of such adjustments. This relationship between trade liberalization and product markup is particularly relevant to examine in the case of developing countries such as China. This is true because the imports-as-market-discipline phenomenon is frequently deemed especially important in developing countries, where previously protected domestic markets typically support fewer firms (see Levinsohn (1993) and Rodrik (1988) for a discussion). Moreover, firm responses to trade reforms regarding how firms may adjust their market power and underlying markups and marginal costs are essential in welfare analysis. Therefore, to address firm markup adjustments as responses to trade liberalization, we present a theory based on evidence from highly disaggregated Chinese merged data on firm production and firm-product trade, wherein input tariff reductions caused Chinese exporters to increase markups of exported goods.
As a condition of China's accession to the World Trade Organization (WTO) in December of 2001, import tariffs imposed by China on imported goods were significantly decreased. In particular, the average input tariffs dropped by approximately 40% from 2000 to 2006. Meanwhile, Chinese export tariffs did not change much when China joined the WTO, as China long enjoyed MFN treatment from major trading partners prior to her WTO accession. This has resulted in arguably unilateral trade liberalization in China (Fan, Li and Yeaple, forthcoming) . This unilateral feature of Chinese trade liberalization serves as a quasi-natural trade reform that allows us to estimate the effect of import tariff reductions on firm market power.
The use of Chinese data is also advantageous given its distinction between two trade regimes: ordinary trade (wherein firms pay import tariffs to import) and processing trade (wherein firms are not subject to import tariffs). More than 50 percent of transactions carried out in Chinese trade involve processing trade mechanisms, 2 thus uniquely enabling us to identify specific input-trade liberalization (via input tariff reductions) effects on firm markup adjustments. When we examine input tariff effects on ordinary firm markups, processing trade observations may be used as a placebo sample to determine whether such effects apply to processing trade firms due to the absence of input tariff reduction mechanisms. To be consistent with the firm-product transaction-level customs data that distinguish the trade regimes (ordinary trade versus processing trade), we use merged firm-product data to estimate firm-product markups based on an augmented approach of De Loecker et al. (2014) .
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We first document two stylized facts regarding the relationship between trade liberalization in China by accession to the WTO and firm-product markup adjustments among ordinary and processing incumbent Chinese exporters. We show that Chinese trade liberalization is largely driven by input-trade liberalization and find that ordinary trade firms raise markup levels with input tariff reductions during trade liberalization, while processing trade firms do not.
We substantiate these facts using a simple heterogeneous firm and variable markup model. The model predicts that controlling for productivity, a reduction in import tariffs enables an ordinary firm to become more efficient from access to cheaper and superior inputs. Moreover, we show that a more efficient firm charges higher markup. These 2 Processing trade is a prevalent feature among Chinese trading firms (see Yu (forthcoming) and Manova and Yu (2014) ) for more details).
3 According to the firm-level production data, we cannot distinguish the processing trade and ordinary trade. Firm-product customs data provides the information of trade regime, which help us distinguish each transaction as processing trade or ordinary trade. If we classify processing and ordinary trade at firm level, then more than 40% of firms are hybrid firms, i.e., the firms that conduct both processing trade and ordinary trade transactions. Therefore, it is better to use firm-product markup instead of firm markup to test the difference between ordinary and processing trade in this context. results imply that an ordinary trade firm would set a higher markup for its exported products following a reduction in input tariffs. A processing trade firm, however, does not pay import tariffs, which is the typical practice in China. Hence, a processing trade firm would not be affected by a change in marginal costs due to input tariff reductions.
As predicted by our model, the empirical findings show that only ordinary trade observations significantly respond to input tariff reductions by increasing markups while processing trade observations do not. We also test marginal cost effects and import dependence levels to confirm underlying mechanisms of our theoretical model. Our empirical results are robust to various estimation specifications and alternative measures of firm-product and firm-level markup.
This paper contributes to extensive literature on trade liberalization effects on the efficient allocation of resources among firms (De Loecker et al., 2014; Arkolakis et al., 2012; among others) . As De Loecker et al. (2014) noted, most previous studies in this field have only examined competitive effects of output tariff reductions, and input-trade liberalization effects have been studied less frequently. Our paper thus contributes to this literature by examining ordinary and processing Chinese firm-product export data together with production data to determine input tariff reduction effects on markups and marginal costs throughout Chinese input-trade liberalization.
Our paper also contributes to a large body of the literature that relates improved access to imported intermediate inputs to superior firm performance (e.g., improved total factor productivity (Amiti and Konings, 2007; Kasahara and Rodrigue, 2008; Halpern, Koren and Szeidl, 2011; Gopinath and Neiman, 2014) , quality upgrading (Amiti and Khandelwal, 2013, Fan, Li and Yeaple, forthcoming) , and expanded product scope (Goldberg et al., 2010) ). Finally, we contribute to emerging literature that explores ordinary and processing trade firm behaviors in emerging markets (Yu, forthcoming; Manova and Yu, 2014) by examining markup adjustment as an additional dimension of firm response.
The rest of the paper is organized as follows. Section 2 documents two stylized facts regarding input-trade liberalization and markup adjustment. Section 3 presents a simple theoretical model to describe the effect of tariff reductions on markups. Section 4 describes the identification strategy and data and measurements used, including the method of firm-product markup estimation. Section 5 presents econometric specifications and the main results. Section 6 presents additional robustness test results. The final section presents a conclusion.
Stylized facts
This section documents two stylized facts concerning the relationship between Chinese input-trade liberalization and Chinese exporting firm markup. The firm-product markup estimation method is based on the methodology presented in De Loecker et al. (2014) and is described in greater detail in Section 4. Note that we categorize products under the HS6 product category. Figure 1 presents evidence that much of the rise in total imports stems from a surge in intermediate and capital good input imports, as these can both be broadly referred to as inputs. As a result, China serves as a good case study to examine input-trade liberalization impacts via input tariff reductions on firm market power, for which we use markups as a proxy.
To examine Chinese firm markup trends, we estimate firm-product markups using a slightly modified version of De Loecker et al. (2014) 's methodology based on features of Chinese data. This method examines multi-product firms in which different products can have different markups. To estimate firm-product markups, we must use the merged sample of manufacturing firms (with production data) rather than the entire universe of customs data (see Section 4 for a description of data used). We then regress estimated firm-product markups on input tariffs, which are computed using product-level output tariffs and an input-output table for China (see input tariff computation provided in Section 4), and plot predicted markup adjustments at 90% confidence intervals against input tariff cuts by trade regime in Figure 2 . We find that input tariff effects on markups differ depending on whether ordinary or processing trade regimes are involved. For ordinary trade firms, input tariff reductions increase markups (i.e., firms facing larger input tariff cuts increase markups more), while for processing trade firms, this relationship is positive. This is perhaps attributable to the fact that processing trade firms are only affected by pro-competitive effects while ordinary trade firms are affected more by input tariff reductions that can offset markup reductions resulting from pro-competitive mechanisms, ultimately increasing markups. We thus summarize the second finding as follows:
Stylized fact 2. An ordinary trade firm raises its markups with input tariff reductions during trade liberalization, while a processing trade firm does not.
A simple model
In this section, we present a simple, partial equilibrium model of trade for heterogeneous firms to examine how import tariff reductions affect incumbent import/export firm markup adjustments. Our model examines intermediate input imports and marginal cost adjustments to show why firms facing import input tariff reductions increase markups during input-trade liberalization. In the model, each firm uses both domestic and imported intermediate inputs to produce final outputs.
Consumers
To accommodate variable markups in trade models with monopolistic competition, we employ a general demand system for differentiated goods proposed by Arkolakis et al. (2012) .
5 All consumers have the same preferences. If a consumer with income w faces a schedule of prices p ≡ {p ω } ω∈Ω , her Marshallian demand for any differentiated good ω is given by
where p * (p, w) is an aggregator that is symmetric in all prices p ω . This demand system has the following important properties (Arkolakis et al., 2012) . First, the price elasticity
) is allowed to vary with prices, which will generate variable markups under monopolistic competition. Second, other prices only affect the demand for good ω through their effect on the aggregator p * (p, w). This property brings the monopolistic competition to our model. Given existing parameter values in the literature, the following restrictions are imposed:
Assumption A1: The elasticity of demand must be higher than one,
This assumption implies that the percentage change in quantity demanded is greater than that in price. Hence, as the price decreases, the total revenue increases, and vice versa. It is satisfied by all efficiency sorting Melitz-type model.
This assumption is equivalent to the one that demand functions are log-concave (in log-prices) for all differentiated goods. It is satisfied by the demand systems considered in Krugman (1979) , Ottaviano, Tabuchi and Thisse (2002), and Feenstra (2003) .
Firms
Production.-The supply side is characterized by monopolistic competition. Each variety is produced by a single firm, and we focus on incumbent firms in the industry. Firms are heterogeneous in their initial, idiosyncratic productivity, ϕ. Each firm produces output according to the following production function: 
where ς is the elasticity of substitution between the bundles of imported and domestically produced inputs, and the input bundles themselves are also CES aggregates:
to make is how much of each variety to import. To be simplified, we assume that the set of imported varieties is fixed.
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The firm chooses labor L, capital K, and the amount of domestic inputs {d l }, given the wage rate w, the rental rate r, and the price of domestic intermediate input {p l }. The firm i also chooses the amount of each imported variety m h , given the price {p h } and import tariff τ h for each imported product h. The marginal cost of the inputs, c, satisfies:
where P V = r a w 1−a a a (1−a) 1−a is the price index for capital and labor,
denotes the domestic input price index, and
1−η is the marginal cost index for a non-importing firm. The use of imported inputs leads to a cost-reduction factor B ≡ 1 + (P M /P Z ) 1−ς 1 1−ς , where P M is the imported input price index:
Firm's behavior
Consider the optimization problem of a firm producing good ω in origin country o and selling it in a destination country d. To simplify notation without risk of confusion, we suppress those product and country indexes. Let p * and w denote the choke price and the wage in the destination country, respectively. Under monopolistic competition with segmented good markets and constant returns to scale, the firm chooses its market-specific price p in order to maximize profits in the market
taking p * and w as given. The associated first-order condition is
We use µ = ln(p/c) as our measure of firm-level markup. Marginal cost pricing corresponds to µ = 0. Combining the previous expression with equation (1), we can express markup as the implicit solution of
where v = ln(p * /c) can be viewed as a measure of the efficiency of the firm relative to other firms in the industry. Whether markups are monotonically increasing in productivity depends on the monotonicity of d (Arkolakis et al., 2012) .
Lemma 1. A more efficient firm charges higher markups.
where the last inequality follows from Assumption A1. Together with Assumption A2, it is clear that f µ (µ, ν) > 0 and f ν (µ, ν) < 0. Applying the implicit function theorem to the function f (µ, ν) and knowing that our markup µ is a solution to this, we then have
During trade liberalization, a reduction in import tariff τ h leads to a fall in the imported input price index P M and hence, the cost-reduction factor B. Equation (6) then implies that the marginal cost c also falls. It in turn increases ν, the efficiency of the firm relative to other firms. According to Lemma 1, we then have the following proposition: Proposition 1. Given productivity, a reduction in import input tariff induces a firm to set a higher markup for its product.
10
This proposition applies to the firm's product in general, and in particular, the firm's exported product. Given our focus is the incumbent importer/exporter, we will test this proposition using exported products in our empirical analysis.
Identification and measurement
In this section, we present our identification strategy, which takes advantage of differences between ordinary and processing trade. We then describe the data and measurements used in our empirical analysis.
Identification strategy: ordinary trade vs. processing trade
Processing trade is common in Chinese trading firms (Yu, forthcoming; Manova and Yu, 2014) . A Chinese firm can receive inputs from its trading partners, assemble them and export directly to its trading partners. This form of trade is referred to as "processing with supplied inputs" in custom documents. Alternatively, they may pay for imported inputs from foreign suppliers and export all processed goods, a strategy referred to as "processing with imported inputs". Both types of processing trade firms enjoy duty-free benefits. In the presence of processing trade, a firm can fall into one of the three categories: non-importing firm, ordinary importer and processing importer. As processing firms are not subject to any import tariffs, we expect that the marginal cost effect does not apply to them.
In this paper, we aim to identify differences between ordinary and processing trade, and Chinese data uniquely allow us to examine tariff reduction effects on both types of trade. Note that in this paper, we identify firm-product level trade types to avoid defining trade types at the firm level, as some firms allow for both ordinary and processing trade for various products (hybrid firms). Hybrid firms account for a particularly large proportion of the customs data: at the firm level, pure ordinary, pure processing, and hybrid firms account for 36.31%, 23.20%, and 40.49%, respectively. Examining ordinary and processing trade at the firm-product level thus allows us to clearly distinguish trade regimes according to customs transactions in congruence with our firm-product level markups. 
Firm-product trade data and firm-level production data
To estimate firm-product markups, we must use firm-level data to measure firm attributes (e.g., TFP) and product-level trade data on export prices, export values and customs regimes. Therefore, we use a merged dataset based on two databases: (1) firm-productlevel trade data of each Chinese customs transaction, and (2) firm-level production data, collected and maintained by the National Bureau of Statistics of China (NBSC). Our Firm-product-level trade data.-We use a Chinese transaction-level trade database provided by China's General Administration of Customs. These transaction-level trade data provide information on exporting and importing firms, product information at the HS 8-digit level and on source/destination countries, covering the universe of all Chinese exports and imports for [2000] [2001] [2002] [2003] [2004] [2005] [2006] . The database includes detailed information on each trade transaction, including import and export values, quantities, products, source and destination countries, firm contact records (e.g., company name, telephone, zip code, contact person), enterprise types (e.g., state owned, domestic private, foreign invested, and joint venture), and customs regimes (e.g., "Processing and Assembling"and "Processing with Imported Materials"). As processing trade regime firms are not subject to tariffs, we focus on ordinary trade regime firms, but using processing trade firms as a placebo test sample. We then aggregate transaction-level trade data to the firm-product level. Note that to ensure the consistency of product categorizations overtime, we aggregate HS8 products to the HS6 level.
12 Therefore, in this paper, a product refers to a HS6 product category. Also note that we only focus on manufacturing products to maintain consistency with the second database of NBSC manufacturing firm production data.
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Firm-level production data.-To characterize firm attributes (e.g., TFP and capital intensity), we use NBSC firm-level production data drawn from annual surveys of Chinese manufacturing firms for all state-owned enterprises (SOEs) and non-state-owned enterprises with annual sales of at least five million RMB (Chinese currency). The NBSC database contains detailed firm-level data on Chinese manufacturing enterprises, including employment, capital stock, gross output, value added, and firm identification information (e.g., company name, telephone number, zip code, contact person, etc.).
14 Due to cases of misreporting by some firms, we use the following protocols to remove unsatisfactory observations and construct our sample in accordance with Cai and Liu (2009) and General Accepted Accounting Principles: (i) total assets must be higher than liquid assets; (ii) total assets must be higher than total fixed assets; (iii) total assets must be higher than the net value of fixed assets; (iv) a firm's identification number cannot be missing and must be unique; and (v) the established time must be valid.
Matching the two databases.-We then match firm-product-level trade data of the Chinese Customs Database with the NBSC Database based on the contact information of manufacturing firms, as no consistent coding system of firm identity is available for these two databases. Our matching procedure is carried out in three steps: (1) by company name, (2) by telephone number and zip code, and (3) by telephone number and contact person name (see a detailed description of the matching process in Fan, Lai and Li, forthcoming). Unlike the exporting and importing firms reported in the customs database, 15 , the matching rate of our sample (in terms of the number of firms) covers 45.3% of all exporters and 40.2% of all importers, corresponding to 52.4% of total export values and 42% of total import values reported by the Customs Database. 
Measure of markup
Our main measure of markup is at firm-product level and the estimation method is following De Loecker et al. (2014) . Consider the following production function for firm f to produce a product h at time t:
where Q f ht is physical output and X f ht is a vector of inputs. There are two assumptions about productivity. First, productivity ϕ enters in log-additive form and is Hicks-neutral. Second, we assume that productivity is firm-specific. The second assumption follows a tradition in the trade literature that models firm-specific productivity together with firmproduct-specific demand shocks (e.g., Bernard, Redding and Schott, 2010) .
We assume that producers minimize costs. Let V f ht denote the vector of variable inputs used by the firm to produce a product h. We use the vector K f ht to denote dynamic inputs of production which can include any input that faces adjustment costs, for instance, capital. We consider the firm's conditional cost function, conditioning on the set of dynamic inputs K f ht . The associated Lagrangian function is: (10) where P υ f ht and r d f ht denote the firm's input prices for the variable inputs v = 1, ..., V and the prices of dynamic inputs d = 1, ..., D, respectively. The first order condition for any variable input free of adjustment costs is:
where the marginal cost of production at a given level of output is λ f ht since ∂L f ht /∂Q f ht = λ f ht . Rearranging terms and multiplying both sides by V f ht /Q f ht yields the following expression:
The left-hand side of the above equation represents the elasticity of output with respect to variable input V f ht (the "output elasticity"). The approach requires one freely adjustable input into production. In the current setting, there are frictions in adjusting capital. Define the markup µ f ht as µ f ht = ln(P f ht /λ f ht ), 17 where P f ht is the price for product h produced by firm f at time t. As De Loecker and Warzynski (2012) and De Loecker et al. (2014) show, the cost-minimization condition can be rearranged to write the markup for each product h produced by firm f at time t as:
where θ υ f ht denotes the output elasticity on variable input V υ f ht and α
is its expenditure share of revenue for each product h produced by firm f at time t. This expression forms the basis for our approach. To compute the markup, we need the output elasticity and the share of the input's expenditure in total sales.
Consider the log version of the general production function given in equation (9):
where lower case letters denote logs. The quantity of product h by firm f at time t, q f ht , is produced using a set of firm-product-(country)-year specific inputs, x f ht . The error term f ht captures measurement error in recorded output as well unanticipated shocks to output. As noted earlier, the productivity term ϕ f t is assumed to vary at the firm level.
For multi-product firms, it is hard to identify how the inputs are allocated across different products within a firm due to data restriction. To understand this, denote the log of the share of input X in the production of product h as ρ X f ht = x f ht − x f t , for any input X = {L, M, K}, where L is labor, M is materials and K is capital. We only observe firm-level inputs X f t and not how each of them is allocated across products. Substituting this expression into equation (12) yields:
where x f t denotes the log of inputs X f t . For multi-product firms, the production function contains an additional component in the error term, A f ht (·), that will generally be a function of the unobserved input shares (ρ X f ht ), the firm level inputs (x f t ) and the production function coefficients, β. In the case of a translog production function, the vector of log inputs x f t are labor, material and capital, their squares, and their interaction terms; the vector of coefficients is β = (β l , β m , β k , β ll , β mm , β kk , β lm , β lk , β mk ). Based on the methodology of De Loecker and Warzynski (2012) , we use the firm-level production survey data from the National Bureau of Statistics of China (NBSC) to estimate the production function coefficients, β, in the production function, q f t = f (x f t ; β) + ϕ f t + f t (see Appendix A for more details). Since we do not have quantity data, we use the deflated revenue of total sales to replace quantity. Therefore, in our estimation we use deflated revenue as proxy for q f t .
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Let ρ f ht = ln X f ht X f t be the input cost share of product h, where X f t denotes total deflated expenditures on total inputs by firm f at time t. We assume that this share does not vary across inputs and then solve for ρ f ht as follows. In order to eliminate unanticipated shocks and measurement error from the output data, we project the deflated export revenue, q f ht , on all inputs, output and input tariffs, the output price, processing trade dummies, the interaction terms of processing trade dummies and input/output tariffs, region-industry-product dummies and time fixed effects to obtain the predicted values. We also project export quantity for each exported product h and report related results in robustness checks.
We next compute a firm-product-specific term ϕ f ht : ϕ f ht = E (q f ht ) − f x f t , β . From (13), this becomes:
where the second equation follows from applying our translog production function. The terms a f t , and b f t are functions of the estimated parameter vector β, which satisfy:
we can construct ϕ f ht for each multi-product firm observation (firm-product-year triplet). For each year, we obtain the firm's productivity and input allocations, the J +1 unknowns (ϕ f t , ρ f 1t , ..., ρ f Jt ) by solving a system of J + 1 equations:
and the equation that the sum of ρ f ht across product (and destination) for any firm f at time t equals the share of total export in the total sales of that firm. Here we modify the proportional assumption in De Loecker et al. (2014) due to the data restriction.
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We numerically solve this system for each firm in each year. 20 We now have all the ingredients to compute markups and the implied marginal costs for the multi-product firms according to equation (11):
where the product-specific output elasticity for materials θ M f ht is a function of the production function coefficients, expressed by equation (15); P f ht Q f ht is the export value for product h, which is directly obtained from customs data; exp ( ρ f ht ) P M f t V M f t denotes the materials allocated to produce the product h. The expression for the materials output elasticity for product h at time t is:
Finally, marginal costs for the product h at time t are then recovered by subtracting the markup from the log price according to the following equation:
Our estimated markup are summarized for ordinary trade firms and processing trade firms in Table A .1 in Appendix. In all sectors, the average markup is higher than 1. The highest for ordinary trade firms being in Communication Equipment, Computers and Other Electronic Equipment (2-digit CIC industry code 40) with an average markup of 3.1, whereas the highest for processing trade firms are in Processing of Timber, Manufacture of Wood, Bamboo, Rattan, Palm, and Straw Products (2-digit CIC industry code 19 See equation (29) in De Loecker et al. (2014) for the original proportional assumption. 20 Similar as in De Loecker et al. (2014) , we experiment with various starting values for the unknowns to solve this system of equations and find that conditional on converging to an inside solution (e.g., all the product's input shares are between 0 and the share of total export in the total sales of that firm, non-inclusive), the solution is unique. Out of the total sample of multi-product firm-year pairs, we dropped no more than 0.5 percent of all observations in the final sample due to corner solutions. 20) with an average markup of 2.7. 
Measure of input and output tariff
To construct the tariffs, we first draw the tariff lines from the WTO and the trade analysis and information system (TRAINS). To be consistent with the Input-Output (IO) table of China that we will use later, we map the harmonized system (HS) 8-digit tariffs into the 5-digit IO code. Our 5-digit output tariff, then, is the simple average of the tariffs in the HS 8-digit codes within each 5-digit IO industry code.
To compute the input tariff, following Amiti and Konings (2007) we use an input cost weighted average of output tariffs where:
where τ output kt is the tariff on industry k at time t, and a ki is the weight of industry k in the input cost of industry i. For instance, if industry i incurs 80% of its costs in steel and 20% of its costs in rubber then steel tariffs receive a 80% weight in our calculation of input tariffs in industry i, while rubber tariffs receive a 20% weight.
Since our production data utilizes the CIC (Chinese Industrial Classification) 4-digit code, we then map the IO 5-digit input and output tariffs into the CIC 4-digit industry code. This procedure then yields a set of input and output tariffs at CIC 4-digit level. Our main results are based on this set of industry-level input and output tariffs. Nevertheless, we also report results using firm-level input tariffs in the robustness part (see Section 6.2) and our main results remain largely unchanged. Figure 3 
Specifications and results
In this section, we describe our econometric models and present our main estimation results. Note that our baseline specification refers to the sample of ordinary trading firms. We also use a placebo sample of export processing firms that were never subjected to import tariffs to test the ordinary trade results. We also test marginal cost and import dependence effects to confirm underlying mechanisms of our theoretical model.
Trade liberalization effects on markup
We now examine how markups have responded to tariff reductions during periods of trade liberalization in China.
Baseline regression.-Our model suggests that together with typical pro-competitive effects (of output tariffs), trade liberalization may affect firm markups via marginal cost effects of input tariffs. To test the overall effect of trade liberalization on markups, we adopt the following regression equation as our baseline specification:
where µ f ht denotes the estimated firm-product markup of HS6 product h by firm f in year t, and i denotes a 4-digit CIC industry. The vector of firm-level controls, E f t , is to account for the firm characteristics such as productivity, employment size, capital-labor ratio and average wage that potentially could impact markups. The vector of industrylevel controls, S it , include industrial average wage (W AGE), capital intensity (KL), and Herfindahl index (HHI) that are computed at the 4-digit CIC industry each year to capture the endowment characteristics and the competition effect of the industry. We also control for the time fixed effect (δ t ), the 2-digit CIC sector fixed effect (δ s ), and the firm-product fixed effect (δ f h ) to account for all the characteristics that are timevarying, sector and firm-product related. As the variable of interest in equation (17) is the industry-level tariffs, we cluster error terms at the industry-year pair to address the potential correlation of errors within each industry over time. Our model predicts a negative coefficient on input tariffs for ordinary trade firms in the baseline regression, while no significant effects on markups for the placebo sample of the exporting processing firms that, by law, are not subject to any import duties, during trade liberalization. The results of the placebo test for processing trade will be reported separately in comparison with those for ordinary trade. Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust standard errors corrected for clustering at the industry-year level in parentheses. We only use ordinary trade observations in this Table. In specifications 4-6 we run regression weighted by the number of observations in the 2-digit CIC industry. The number of observations in columns 3 and 6 are less than the one in columns 1-2 and 4-5 due to the missing wage information for some firms in our sample.
Ordinary trade.-We first run our baseline regression as in equation (17) using ordinary trade observations. Table 1 reports significantly negative coefficients of input tariffs for all specifications: an input tariff decline of 1 percent is associated with a markup increase of approximately 4-5 percent in unweighted regressions of columns 1-3 and of 2-4 percent in weighted regressions of columns 4-6. In each of the three columns (columns 1-3 and 4-6), the first reports results without industry fixed effects and firm/industrylevel controls; the second reports results with industry fixed effects but without other Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust standard errors corrected for clustering at the industry-year level in parentheses. We only use processing trade observations in this Table. In specifications 4-6 we run regression weighted by the number of observations in the 2-digit CIC industry. The number of observations in columns 3 and 6 are less than the one in columns 1-2 and 4-5 due to the missing wage information for some firms in our sample.
firm/industry-level controls; and the third presents results with all fixed effects when controlling for firm/industry-level controls. The magnitude of input tariff effects on markups is very stable across all specifications.
We run weighted regressions, as our dependent variable is the estimated markup, which relies on production function estimations. However, the production function estimation is conducted using a two-digit CIC sector, and we are more confident of estimates that are based on enough sector observations. Following De Loecker et al. (2014) , we weigh previous regressions based on the number of observations for each two-digit CIC sector production function estimation reported. In columns 4-6 of Table 1 , coefficients of interest are of similar sign and magnitude, suggesting that our findings are robust to these specifications.
Output tariff effects on markups shown in Table 1 are positive but insignificant, complementing pro-competitive effects of trade liberalization described in the literature: lower output tariffs during the trade liberalization intensify competition and thus reduce firms' market power and markups. Note that the coefficients on TFP are also significantly positive (see columns 3 and 6), indicating that more productive firms charge higher markups and providing supportive evidence to Lemma 1.
Processing trade.-As firms that conduct processing trade are not subject to tariffs, we expect the impact of tariffs to be absent among those firms. Table 2 confirms our belief: in all specifications that we employ, none suggests that import tariffs (both input and output tariffs) significantly impact firms' markups.
The underlying mechanisms
Import dependence.-Our model studies the markup adjustment of an incumbent importing/exporting firm that imports intermediate inputs. The model predicts that a tariff reduction leads to an increase in markup. This effect would be more profound for firms with higher import intensity. This underlying mechanism is described as follows.
During trade liberalization, a reduction in import tariff leads to a fall in the imported input price index P M and, hence, a reduction in the cost-reduction factor B. When τ h = τ for all imported input h, the effect of a reduction in import tariff on the cost-reduction factor satisfies:
1−ς equals the expenditure share on imported intermediate goods in the total expenditure on intermediate inputs. For the firm with higher import share, a reduction in import tariff leads to a larger decline in ln B and hence a larger decline in ln c where c is marginal cost (see equation (6)).
21 It in turn increases the efficiency of the firm, υ, more and hence leads to a higher increase in markup.
Therefore, it is natural to expect that an importing firm would enjoy more benefit of trade liberalization than a non-importing firm, and a firm with higher import intensity would enjoy more benefit of tariff reductions than a firm with lower import intensity, 21 The effect of a reduction in import tariff on marginal cost satisfies: ∆ ln c ≡ η∆ ln B ≡
given all other conditions equal:
where the firm-specific import status could be a dummy variable, Importing f irm, which is equal to one if the firm is importing and zero otherwise, or a continuous variable, Import share, i.e., import intensity of the firm, computed by the ratio of the cost of imported inputs to total cost of intermediate inputs of the firm. We expect the coefficient on import status, κ 5 , to be positive in equation (18), and the coefficient on the interaction term, κ im , to be negative. This means that a firm that conducts importing more intensively would be more affected by the input tariff reductions and enjoy a larger increase of markup, ceteris paribus. As we expect that the effect of input tariffs depend on the extent to which the firm uses imported inputs, we run the regression with the import status of the firm as specified in equation (18) and report results in Table 3 .
In Table 3 , we can compare the results for ordinary trade in columns 1-4 and for processing trade in columns 5-8. Columns 1-2 and 5-6 use unweighted regressions, while columns 3-4 and 7-8 adopt weighted regressions. In the weighted regressions for ordinary trade, for an importing firm, the impact of input tariffs on markup is higher by 133 percent compared with a non-importing firm in column 3. More precisely, a 10 percent increase in the import share of the firm (compared with a non-importing firm) raises the impact of input tariffs on markups by 19 percent in column 2 for unweighted regression and by 45 percent in column 4 for weighted regression. The coefficient on the interaction term, κ im , in column 1 also presents the expected sign with approximately 20% significance level. These results suggest that firms with higher import intensity adjust markup more during trade liberalization.
Our results are also consistent with Amiti, Itskhoki and Konings (AER, 2014) in which they show that import intensity and market share are positively correlated. Moreover, firms with larger market shares (and therefore more market power and higher markups) adjust their markups more in response to trade liberalization. Therefore, our results that firms with higher import intensity adjust markups more in response to tariff reductions complement Amiti, Itskhoki and Konings (2014) . Note that in the placebo tests with the sample of processing trade in columns 5-8 of Table 3 , we do not observe the expected effect of input tariff as well as the interaction effect with import status of the firm.
Marginal cost channel.-As our model predicts that the trade liberalization via the input tariff reductions would lead to the fall of marginal costs, we test the impact of input and output tariff reductions on marginal costs using the following specification where we Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust standard errors corrected for clustering at the industry-year level in parentheses. Specifications 1-4 refer to ordinary trade, and specifications 5-8 refer to processing trade. In columns 1-2 and 5-6 we run unweighted regressions, and in columns 3-4 and 7-8 we run regression weighted by the number of observations in the 2-digit CIC industry. Other firm-level controls include firm size (measured by employment), capital-labor ratio and average wage; industry-level controls include industry average wage, capital intensity, and Herfindahl index at 4-digit CIC industry level each year.
expect the coefficient on input tariff to be significantly positive:
To further present the underlying mechanism via marginal cost, we augment our baseline regression (17) by controlling for the marginal cost in the right-hand side: µ f ht = κ 1 input tariff it +κ 2 output tariff it +κ mc mc f ht +κ 3 E f t +κ 4 S it +δ t +δ s +δ f h + f ht .
(20) If the marginal cost is the main channel to explain the impact of input tariffs on markups, we would expect most (or at least the major part) of the impact of input tariffs on markups dilutes once we control for the marginal costs. Therefore, the coefficient on marginal cost, κ mc , is of our interest and is expected to be significantly negative, indicating that a reduction in the marginal cost leads to a rise in the markup. More importantly, we expect that the magnitude of the coefficient on input tariff in regression equation (20) would be insignificant statistically or at least economically. The results of testing the marginal cost effects are presented in Table 4 . Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust standard errors corrected for clustering at the industry-year level in parentheses. Specifications 1-4 refer to ordinary trade, and specifications 5-8 refer to processing trade. In columns 1-2 and 5-6 the dependent variables are firm-product level marginal costs; in columns 3-4 and 7-8 the dependent variables are firm-product level markups. Other firm-level controls include firm size (measured by employment), capital-labor ratio and average wage; industry-level controls include industry average wage, capital intensity, and Herfindahl index at 4-digit CIC industry level each year. The number of observations in even columns are less than the one in odd columns due to the missing wage information for some firms in our sample.
The results in Table 4 are consistent with our expectation. In columns 1-4 of Table  4 , we present the results of ordinary trade sample. When we regress marginal costs on tariffs as specified in equation (19) in columns 1-2, the coefficients on input tariffs are significantly positive, indicating that a reduction in input tariffs would leads to the fall in marginal costs: cutting the input tariff by 1 percent will lower the marginal cost by approximately 4 percent. This effect only applies to ordinary trade (see columns 1-2) but the input tariff reduction has no significant impact on processing firms' marginal costs in columns 5-6.
In Table 4 , firm productivity presents significantly negative coefficients in columns 2 and 6, suggesting a negative correlation between firm productivity and marginal costs: a more productive firm features lower marginal costs. Note that when we put marginal costs in the right-hand side of the baseline regression as in equation (20), the coefficients on marginal costs are significantly negative, while now the effect of input tariff becomes insignificant in columns 3 and 4. This provides the supportive evidence to our modeling strategy that the main effect of input tariffs on markups goes through the marginal cost channel. This also confirms Lemma 1 that more efficient firms (i.e., firms associated with lower marginal costs) charge higher markups. More importantly, the marginal cost effect works for both ordinary trade in columns 3-4 and processing trade in columns 7-8: in columns 7 and 8 we also see significantly negative coefficients on marginal costs when we run regressions with markups as dependent variable. This suggests that for both types of firms the adjustment of markups is mainly driven by the change in marginal costs, but clearly the impact of tariffs has no impacts on processing trade (see column 5-8).
Difference estimator
All the aforementioned estimations have been on levels with firm-product, industry and year fixed effects (see equation (17)). Now we experiment with alternative econometric estimation approaches using difference estimator with one-year, three-year, or five-year difference, and continue to control for the firm-level and industry-level characteristics and year fixed effects.
The results of difference estimation are reported in Table 5 . We adopt first-difference (FD) estimator and long-difference estimator to estimate the impact of tariff changes on markup adjustment. The advantage of the difference approach is that it removes the latent heterogeneity from the model after the fixed-effects have been differenced out and therefore it is useful in addressing the problem of omitted variables in the panel data. Our previous results still hold when we employ the difference estimator with oneyear, three-year, and five-year difference. In the sample of ordinary trade, the change in input tariffs negatively impacts the markup adjustment: a 1 percent reduction in the input tariff would lead to a 6 percent increase in markups in one year. This significantly negative relationship between tariff changes and markup adjustment still holds when we use different periods in differences (see columns 3 and 4). Again, the impact of input tariff does not apply to the processing trade sample.
Endogeneity
Now we turn to the issue of the potential endogeneity of tariffs. According to Amiti and Konings (2007) , in a firm fixed-effects model it is unclear whether there is in fact a serious endogeneity issue. In our baseline regressions we already include firm-product and industry fixed effects, and it is also arguable that tariff reductions are exogenous Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust standard errors corrected for clustering at the industry-year level in parentheses. Specifications 1-4 refer to ordinary trade, and specifications 5-8 refer to processing trade. In columns 1-2 and 5-6 we use one-year difference; in columns 3 and 7 we adopt three-year difference; in columns 4 and 8 we use five-year difference. Changes in other firm-level controls include the changes in firm size (measured by employment), capital-labor ratio and average wage; industry-level controls include industry average wage, capital intensity, and Herfindahl index at 4-digit CIC industry level. The number of observations in columns 2 and 6 are less than the one in columns 1 and 5 due to the missing wage information for some firms in our sample.
from an individual firm's perspective. Nevertheless, for the sake of completeness now we relax the assumption that the trade liberalization in China during the period 2000-2006 is exogenous, which invalidates our identification strategy. Suppose one could argue that tariff levels are set subject to the lobby effort in China. If the political pressure is only industry specific but time invariant then our control for the industry fixed effect alleviates this concern. When the factors are time variant, we rely on the instrumental variable estimation by instrumenting for input tariffs and output tariffs in Table 6 . Similar as in Amiti and Konings (2007) , all of the specifications in Table 6 are for the five-year difference model, as it is easier to find instruments for changes in tariffs than for levels.
The usual instrument for tariff changes is the level of past tariffs (Goldberg and Pavcnik, 2005) . Time-invariant or initial industry-level characteristics are also suggested to be used as instruments in a difference model (Trefler, 2004) . Following Amiti and Davis (2012) , we use the initial tariffs and the proportion of skilled labor in total employment (skill intensity) as the full set of our instruments. As China entered the WTO in 2001 and started to reduce its tariffs significantly since then, we select the input and output tariff levels in the initial year 2000 into our simple set of instruments. Since the proportion of skilled labor is only available in 2004, we will have to make the assumption that this proportion does not change overtime (practically the industries have a Cobb-Douglas Kleibergen and Paap (2006) rk statistic is to test whether an instrument is relevant to an endogenous variable (i.e., the change in tariffs). The null hypothesis that the model is underidentified is rejected at the 0.1 percent significance level.
The second diagnostic test we perform is the Kleibergen and Paap (2006) Wald statistic to check whether the instrument is weakly correlated with the endogenous variable. The Kleibergen and Paap (2006) Wald F-statistics provide strong evidence to reject the null hypothesis that the first stage is weakly identified at a highly significant level. That is to say, in all specifications, the instruments provide a good fit in the first stage, and perform as valid instruments.
Finally, when we use the full set of instruments, we also conduct the Hansen J statistic to rule out the possibility of overidentifying restrictions. In most specifications with the simple set of instruments, the equation is exactly identified and there is no need to report the result of overidentification test. Only in specifications 3 and 7 when using the full set of instruments, we report the Hansen J statistic. Column 3 of Table 6 for ordinary trade comfortably passes the Hansen test with a p-value of 0.237 and suggests that we cannot reject the null hypothesis that all instruments are uncorrelated with the error process. Column 7 of Table 6 for processing trade does not satisfy the conventional significance level, but should not affect our results because the coefficients on tariffs for processing trade are always insignificant. Overall, Table 6 confirms the previous finding that, for ordinary trade sample, the reductions in input tariffs significantly raise firm-product markups. Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Specifications 1-2 and 5-6 use ordinary trade observations and specifications 3-4 and 7-8 use processing trade observations. Specifications 1-4 use the firm-product-level markup with export quantity projection, and specifications 5-8 use the firm-level markup. Other firm-level controls include firm size (measured by employment), capital-labor ratio and average wage; industry-level controls include industry average wage, capital intensity, and Herfindahl index at 4-digit CIC industry level each year. Robust standard errors reported in parentheses is not clustered. If we cluster at the industry-year level, the coefficients on input tariff in columns 1-2 and 5 are still significant, and the one in column 6 would be significant at 12% level. The number of observations in even columns are less than the one in odd columns due to the missing wage information for some firms in our sample. When estimating alternative measures of markups, the solution to the systems of equations differ from the previous one as described in Section 4.3 and thus yields different sample size.
Alternative estimates of markup
In the main results we use estimates of markup when projecting deflated export value instead of output quantity on all inputs, output and input tariffs, the output price, processing trade dummies, the interaction terms of processing trade dummies and input/output tariffs, region-industry-product dummies and time fixed effects. However, we do have quantity of exported product. Thus, we also project export quantity for each exported product h and then obtain another set of estimated markups. Table 7 reports results using alternative estimates of markups with export quantity projection in columns 1-4. Again, it clearly presents the contrast between ordinary trade and processing trade: a cut of 1% input tariffs increase markups by 2-3% for ordinary trade observations while this effect is absent for processing trade observations. In columns 4-8, we report the results using firm-level markup as dependent variable which is estimated following De Loecker and Warzynski (2012)'s method (see Appendix A for detail) and the main results still hold. In all specifications of Table 7 , input tariffs only impact markups under ordinary trade and have no significant effect on markups under processing trade. Table  7 also reports that the more productive firms always charge higher markups which again confirms Lemma 1. Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Specifications 1-2 and 5-6 use ordinary trade observations and specifications 3-4 and 7-8 use processing trade observations. Specifications 1-4 use the firm-specific unweighted tariff, and specifications 5-8 use the firm-specific unweighted tariff of only intermediate goods. Other firmlevel controls include firm size (measured by employment), capital-labor ratio and average wage; industry-level controls include industry average wage, capital intensity, and Herfindahl index at 4-digit CIC industry level each year. Robust standard errors reported in parentheses is not clustered. If we cluster at the industry-year level, columns 1-2 and 5-6 become only significant at approximately 20% level. The number of observations in even columns are less than the one in odd columns due to the missing wage information for some firms in our sample.
Firm-level tariffs
Since our model describes a firm's behavior in adjusting its markup when facing input tariff reductions, it is helpful to compute firm-level tariff measures to better employ information on the exact bundle of imported inputs by each individual firm. The firmlevel tariff measures can provide high resolution to the firm-specific intensive margin effects of tariff reduction (Fan, Li and Yeaple, forthcoming) , and thus complement our previous results using industry input tariffs. Columns 1-4 in Table 8 report results using firm-specific unweighted input tariffs of all imported inputs and columns 5-8 present the results with firm-specific unweighted input tariffs of only intermediate inputs. It is not surprising that firm-level input tariffs show smaller effect than industry input tariffs (columns 1-2 in Table 8 vs. the baseline results as shown by columns 2-3 in Table 1 ) because some firms may use intermediate inputs that are imported by other firms within the same industry and those are captured by industry input tariffs but not by firm-specific input tariffs. Also, when we restrict input bundles to only intermediate goods, the effect of input tariffs remains similar (see columns 5-6 vs. columns 1-2 in Table 8 ). Again, the effect of input tariffs only work through ordinary trade but not apply to processing trade.
Sensitivity to exchange rates and across firm ownership
Now we show that our results are not driven by the exchange rate movements between Chinese currency, Renminbi (hereafter RMB), and other currencies. Since RMB expe- Table 9 and again confirm that our main findings are not driven by the exchange rate movement.
One might be also concerned with the presence of the state-owned companies in China. Also there are many foreign invested and joint ventures among Chinese firms. Those firms may receive more favorable treatments from the government than domestic private firms. Also some state-owned firms may not be purely profit oriented but for instance, employment and size oriented. Although in the baseline regressions we already control for firm size effect, we do not explicitly address the firm ownership issue which might potentially affect firms' behavior in adjusting markups. Therefore, to address this concern, we re-conduct our baseline regressions for ordinary and processing trade with firm ownership type fixed effects (measured by the firm registration type in China) and report results in columns 5-8 in Table 9 . The firm ownership types include SOEs, multinational companies, joint ventures, domestic private firms, collective enterprises, etc. The results confirm our previous finding that input tariff reductions raise markups only for ordinary trade firms and more productive firms set higher markups regardless of ordinary or processing trade.
Conclusion
In this paper, we uncover patterns of markup adjustments under input-trade liberalization that strongly suggest that access to imported intermediate inputs can substantially increase the market power of firms. We first document stylized facts regarding China's input-trade liberalization and the markup adjustments by trade regime. We then devised an econometric model from a simple analytical framework of variable markup and access Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Specifications 1-2 and 5-6 use ordinary trade observations and specifications 3-4 and 7-8 use processing trade observations. Specifications 1-4 test the sensitivity of our results to exchange rates, and specifications 5-8 test the sensitivity of our results to firm ownership type. Other firm-level controls include firm size (measured by employment), capital-labor ratio and average wage; industry-level controls include industry average wage, capital intensity, and Herfindahl index at 4-digit CIC industry level each year. Robust standard errors reported in parentheses is not clustered.
If we cluster at the industry-year level, coefficients on input tariff in columns 1-2 and 5-6 are still significant. The number of observations in even columns are less than the one in odd columns due to the missing wage information for some firms in our sample.
to imported intermediates. Estimating this model on Chinese data during China's WTO accession period, we find strong and robust evidence that the ordinary trade firms that pay import tariffs significantly raise their product markups after input tariff reductions, while processing trade firms do not. The underlying mechanism using marginal cost and import dependence is supported by empirical evidence from Chinese data.
Our study presents the revisit of the long-standing imports-as-market-discipline hypothesis and contributes to a vibrant literature that examines the impact of trade reforms on efficient allocation of resources across firms, the literature that links improved access to imported intermediate inputs to superior firm performance, and the literature that explores the different responses of ordinary trade versus processing trade firms. It would be interesting to further assess the resource reallocation and markup adjustment across core versus non-core products within multi-product firm and its relationship with trade liberalization. Also when taking into account the dynamic behavior of firm markup ad-justment, it would be fruitful to adopt a more structural approach jointly estimating markup adjustment with endogenous quality choice. Nevertheless, we believe that incorporating endogenous quality into the current model would not change the predictions on markup adjustment but may affect the effect on prices. It would be also interesting in exploring the distributional effect of markup adjustment across different types of firms when responding to trade liberalization. Those are left for future research.
